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1
METHOD AND SYSTEM FOR USE OF
QUADRATURE HYBRIDS FOR CLOSED AND
OPEN LOOP BEAM FORMING TRANSMIT
DIVERSITY

This application claims priority to U.S. Provisional Patent
Application No. 61/526,576 filed on Aug. 23, 2011, and
incorporated herein.

FIELD

The present implementation is directed to mobile commu-
nications systems which include at least one element with at
least two antennae, which selectively operates in transmit
diversity or in single antenna operation.

INTRODUCTION

The present implementation is directed to a system and
method of mobile transmit diversity and, more particularly, to
asystem which can operate in any of several modes, including
a transmit diversity mode whereby two or more antennae
transmit signals to at least one base station with relative phase
difference, or in a non-diversity mode whereby one antenna is
turned off and the other transmits at full or requisite power. In
addition, the present implementation is also directed to
weighting different output powers differently. The system
further includes decision circuitry to determine which mode
of operation is most appropriate at any point in time. Further,
the present implementation is applicable to both open and
closed loop systems.

A mobile transmit diversity (MTD) device such as user
equipment (UE), may use two antennae, where the antennae
simultaneously transmit with transmit diversity including, for
example, a phase difference or a power ratio between at least
two antennae. Use of mobile transmit diversity provides
potential benefits such as extending the effective range of a
mobile device from a base station using the same power as a
non-diverse transmission device or implementing a beam
forming approach, of for other beneficial reasons.

Wireless transmission systems include a mobile device and
a base station. The systems may use transmit diversity,
whereby a plurality of signals are transmitted to a receiver
using a plurality of transmit antennae. A transmitting modi-
fying communication device may have multiple antenna ele-
ments that transmit signals to communicate information. A
receiving feedback communication device may receive and
extract information from the transmitted signals. Multiple
antenna elements for transmission may enhance spectral effi-
ciency and capacity, allowing for more users to be simulta-
neously served over a given frequency band, while reducing
signal degradation caused by multi-path and fading. Transmit
diversity parameters may be applied to signals transmitted
from two or more antennas, and may modify an effective
power distribution detected by receivers, such as base sta-
tions. Some transmit diversity systems may be based on the
uplink power control (power control bits, reverse power con-
trol) provided by the base stations over a downlink to the
mobile device.

Such transmit diversity systems are characterized typically
as closed loop or open loop. The present implementation
applies to both types of systems. In closed loop systems, the
receiver recognizes that a plurality of signals are received and
the system can return an indicator characterizing each of the
signals. In open loop systems, the receiver does not necessar-
ily recognize two distinct signals, but does return an indicator,
referred to herein as a transmit diversity parameter (TDP),

10

15

20

25

30

35

40

45

50

55

60

65

2

which typically indicates whether the received signal was too
strong or too weak, although the TDP may serve to charac-
terize other signal parameters as well. In open loop systems,
the transmitting device, typically a UE, can make adjustments
to the next signal, such as to output phase or power, based on
the received TPD.

In general, there are several advantages for open loop trans-
mit diversity in wireless communications systems. In the
typical transmit diversity scenario, a user equipment (UE)
mobile device includes two antennae in open loop transmit
diversity systems. Each antenna transmits the same signal as
the other, but with relative phase differences between them,
and the signal transmitted by each antenna is at a power level
below the power level that at which a single antenna would
transmit. By delivering two signals which differ in phase, the
net effectis to form the beam so as to optimize radiated energy
to the distant base station. That is, each antenna can transmit
the signal with less than maximum power, so long as the base
station receives the signal, leveraging the benefits of transmit
diversity.

In some situations, such as at start up, a base station may be
configured to only seek one signal and, until a proper signal is
received, cannot receive or interpret multiple out-of-phase
signals. During that condition, the UE needs to transmit from
a single antenna, and must potentially do so at maximum
power.

Implementations of beam forming for mobile transmit
diversity may require safeguards to prevent detrimental
impact to network operation or other times whereby it may be
beneficial to transmit in a mode other than one with beam
forming. In particular, there could be a desire to disable beam
forming diversity and provide a full power output from a
single antenna when proper diversity parameters (i.e., relative
phase) is notknown because feedback from the base station is
interrupted or communications with the base station have not
yet been established (e.g., prior to registration on the network
during a Random Access Channel (RACH) period).

Further, because antennae degrade at different rates, in a
system with multiple antennae, there needs to be a means for
selecting one antenna which is better suited to deliver a signal
with maximum power.

The transmitted signals may propagate along different
paths and may reach the receiving communication device
with different phases that may destructively interfere. The
received signal quality may change at a receiver that may be
attempting to detect a transmission from a mobile terminal, as
well as a noise level created by a wireless terminal transmis-
sion in base stations attempting to detect signals from other
wireless terminals. A signal-to-noise ratio perceived by base
stations may change with varying parameters of transmit
diversity control. There is a need for a system, method, and
apparatus to improve the signal-to-noise ratio.

Further, using open loop transmit diversity, generally the
transmitted power from each antenna in a grouping of anten-
nae is the same. However, under certain conditions, such as
the need to improve a signal to noise ratio, it may be beneficial
to weight the output power from different antennae differ-
ently. The present implementation provides the opportunity
to do so by introducing a combiner/divider element, prefer-
ably a quadrature hybrid, and a phase shifter element into the
UE.

The present implementation comprises a mobile device
which can be adapted to provide a flexible approach to trans-
mitting a signal which may be adjusted based on the present
circumstances or recently received data. The architecture of
the present invention includes a plurality of antennae, each
coupled to a power amplifier. Also included in the present
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invention is a combiner/divider element, preferably in the
form of a quadrature hybrid. A quadrature hybrid is a device
which accepts two inputs, delivers up to two outputs, adjusts
power levels from the inputs to the outputs in various ways,
and potentially changes phase of one or both outputs. A phase
shifter element is also introduced in the present implementa-
tion on the output side of the combiner/divider, and it may be
incorporated in or be separate from the combiner/divider.

The present implementation is applicable to both open and
closed loop systems. The system of the present implementa-
tion includes circuitry to detect antenna performance capa-
bility. The system of the present implementation also permits
use of differently rated antennae, for reasons including reduc-
ing overall system cost.

SUMMARY

Embodiments of the implementation may provide a device
and method of initiating or continuing communication
between a mobile communication device and a second com-
munication device. A method may include transmitting from
the mobile communication device at least a first probe signal
on a random access channel using only a first transmit path of
the mobile communication device, said first transmit path
including a power amplifier (PA), typically a low power
amplifier, and if acknowledgement is not received from the
second communication device in response to said first probe
signal, then transmitting from the mobile communication
device at least a second probe signal on a random access
channel using only a second transmit path of the mobile
communication device, said second transmit path, typically
including a higher power amplifier.

In some embodiments of the implementation, the mobile
device may include two or more transmit paths, or channels,
each associated with a respective transmit antenna. Such a
transmit path may include, for example, an RF power ampli-
fier and a transmit antenna. One or more of the transmit paths
may include a diversity parameter adjustment module, e.g., a
phase modulator if the mobile device may respond to a
received transmit diversity parameter with a relative phase
difference change.

In some embodiments of the implementation, the power
amplifiers on the respective transmit paths may be rated for
the same transmit power as one another, e.g., each may be
rated for a fraction (e.g., half or quarter) of the specification
power limit of the device as a whole based on its class. As
described below, the mobile communication device may
attempt to register first using one fractional power amplifier,
and then (if not successful) using the other fractional power
amplifier, and then (if still not successful or if successful),
using both fractional power amplifiers in transmit diversity, as
described above. In such embodiments, although the equiva-
lent isometric radiated power (EIRP) may not necessarily be
increased by transmitting over one transmit path or the other,
because of spatial diversity, e.g., one antenna may be better
situated relative to the other, one antenna may nevertheless
have a better path to the base station. Additional embodiments
of'the invention described below refer to a high power ampli-
fier and a low power amplifier, or a full-power and half-power
amplifier, it will be understood that the methods described are
fully applicable to embodiments having a plurality of power
amplifiers having the same amplification characteristics as
well.

In some embodiments of the invention, the power amplifi-
ers in the transmit paths may be rated for different output
powers. For example, a first power amplifier in a first transmit
path may be rated to transmit a high power and a second
power amplifier in a second transmit path may be rated to
produce a lower power. Such an approach may have benefit,
such as from cost savings. More specifically, the first power
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amplifier may be rated to transmit a full power allocated to the
device unitof'its class, e.g., +24 dBm, and be connected to the
primary antenna, and the second power amplifier may be
rated to transmit a fraction, e.g., half, of the full power allo-
cated to the device unit of its class, e.g., +21 dBm, and be
connected to the secondary antenna.

More generally, the present implementation affords a vari-
ety of benefits over more traditional approaches. For
example, a power savings can be achieved over “full power
PA+half power PA” approaches. Another benefit relates to
antenna switching, where the full power PA is dedicated to
one antenna. In this situation, if the alternate antenna is a
better option, the alternate unit may never even have the
opportunity to register on the network and may not register.
The present invention allows both half-power PAs to connect
to either antenna so a preferred combination may be used.

Another benefit relates to the RACH sequence. The present
implementation includes a RACH sequence that first tries one
antenna, then the next and finally as a last resort sets the UE
to diversity and tries the sequence with different phases. Once
the UE registers on the network, the successful phase is useful
as a starting point during MTD.

BRIEF DESCRIPTION OF THE FIGURES

In the drawings appended hereto like reference numerals
denote like elements between the various drawings. While
illustrative, the drawings are not drawn to scale.

FIG. 1 depicts a simplified view of the core components of
the system of the present invention, including a mobile unit
and a network unit.

FIG. 2a shows a schematic diagram of a one antenna sys-
tem of the present invention.

FIG. 25 shows a schematic diagram of a two antenna beam
forming system of the present invention.

FIG. 3 shows a schematic diagram of the system of the
present invention including a combiner divider element.

FIG. 4 shows a chart of how output powers and phases may
vary.

FIG. 5 shows examples of 90 and 60 degree phase shifting.

FIG. 6 depicts a flow chart of a network registration for the
two antenna system of the present invention.

FIG. 7 depicts a flow chart of the method of the present
invention using the configuration shown in FIG. 3.

FIG. 8 depicts an example configuration relative to spectral
absorption.

FIG. 9 shows a functional diagram relative to a possible
MIMO implementation to which the present invention may

apply.
DETAILED DESCRIPTION

FIG. 1 shows the fundamental elements of a mobile com-
munications system with two antennae transmitting in trans-
mit diversity. FIG. 1 depicts a user equipment (UE) mobile
communication device 100 having a plurality of antennas in
wireless communication with a base station 150.

FIG. 2 shows the normal evolution of a non diversity
mobile device (FIG. 2a) to a diversity unit using beam form-
ing transmit diversity (FIG. 2b). As seen in FIG. 2a. Trans-
ceiver 102 is in communication with power amplifier (PA)
101, which is in communication with antenna 103 for trans-
mission along wireless path A. As shown, the PA of the non
diversity module must be capable of transmitting the full
power assigned to the module class of operation (e.g., for
Class 3 as shown, it must provide +24 dBm to the antenna),
although in other scenarios it could be rated at below full
power.

As depicted in FIG. 25, two complete sets of equipment
(where a “set” includes a transceiver, a PA, and an antenna) in
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a single mobile device are required for transmission on wire-
less paths A and B. A phase shifter 104 is introduced in the
path of one of the signal paths to shift phase as needed (such
as for beam forming). As shown, one PA (101q) is operated at
full power and the other (1015) is operated at half power.
Alternatively, these designations may be ratings (that is, one
is rated at full power and the other rated at half power). The
power requirement for the unit implemented with transmit
diversity may be divided between the two transmit paths such
that the power rating for the power amplifiers (101a and 1015)
can be one half that of the full power PA except in the event
full power in a non-diversity mode is required. In that case, at
least one of the PAs must be rated at full power. However,
there is an advantage to use power amplifiers whose ratings do
not exceed what is necessary. The power conversion effi-
ciency of an amplifier is typically less if the output level is
considerably below the amplifier rating. We can see in the
figure that when operating in the diversity mode, power
amplifier 101a is producing a maximum of +21 dBm in spite
of the fact it must be rated at +24 dBm for the reasons stated
above. Nevertheless, in some implementations it might be
beneficial to use 2 PAs which are both rated at a maximum (or
comparably rated).

What is required is a means to provide full power to one
antenna when not operating in diversity and to provide one-
half that power to each antenna during diversity operation.
FIG. 3 shows such a configuration that provides these means.
It uses a 90 degree combiner device, preferably a quadrature
hybrid, which combines the outputs of the power amplifiers
and potentially redistributes the combined output, such as
delivering all power to one antenna and no power to the other
antenna, or delivering power in some determined shared
arrangement (such as with weighting) to the two antennae.

A quadrature hybrid is a special coupler, used with power
amplifiers, for example, to split and combine RF power; so
multiple higher power devices can be combined in the ampli-
fier, to handle more RF power. With reference to FIG. 3, a
signal entering in one port (port 1) will emerge at the opposite
two ports (ports 2 and 4), but at 50% or 3 dB down from the
input power level. Several levels of hybrids can be combined
to realize a “tree structure” for more complex (i.e. more ports)
splitter/combiner ~configurations for combining many
devices.

The maximum power of this diversity power amplifier can
be half or even quarter of the maximum power of the “regular”
power amplifier. However, when a mobile transmitter
accesses the wireless network, it may need the maximum
power from the mobile power amplifier to get base station’s
attention (e.g., at the cell edge). There is therefore a need for
an efficient initial negotiation process for a mobile transmit
diversity communication device.

In operation, the amount of power at the output ports (2 and
3) depends on the relative amplitudes and phase difference of
the signals applied to the input ports (1 and 4). Operation of
the hybrid may be described by the scattering matrix for this
device:

0140
S[9O]=L100’
V2 |j o001
0j10

If we apply an input signal of amplitude one Volt to port 1
and an equal amplitude signal to port 4, and adjust the phase
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of'the signal applied to port 4, the input may be described by
the vector:

Input =

by © ©

Where: A is the output of the A-channel power amplifier
and B is the output of the B-channel power amplifier. If we
consider the case where the amplitude of B is equal to the
amplitude of A we can see that the outputs from ports 2 and 3
are given by:

Output = S[90] « Input =

L
V2

—_ O O .
O = e ©
by © O

J
0

—_— O O

As the phase of B is varied with respect to the phase of A,
we see that the output from ports 2 and 3 vary as shown in
FIG. 4. As the phase of B is varied the ratio of the power in the
A-channel and the B-channel varies from both being equal to
all power from A (Port 2) to all power from B (Port 3). Also,
there are two input phase settings (Port 4 versus Port 1) that
produce the same ratio. The difference is the output phase
relationship. For input phases from 270 degrees through zero
to plus 90 degrees (=90 to 0 to 90 degrees) we see the outputs
are in-phase (zero phase difference.) However, when the
input phase difference is between 90 degrees and 270 degrees
(180 degrees—/+90) the difference between the signal at port
2 and port 3 is constantly 180 degrees. We can make use of this
feature to simplify the following phase shifter. In fact, the
complexity required to provide complete 360 phase control is
reduced by a factor of two because the following phase shifter
need provide only 180 degree control range to implement 360
degree phase control.

Returning to FIG. 3, phase shifter 205 may be used to shift
relative phase of one or more of the quadrature hybrid’s
outputs. Such a shift may be needed to adjust for phase
shifting in the redistribution of the quadrature hybrid element.
FIG. 5 shows several example implementation of what would
be required to provide 360 degree phase shift with 90 degree
resolution and 60 degree resolution. Four phase relationships
are possible (0, 90, 180, and 270 degrees) with just one 90
degree phase shifter and six are possible with two additional
phase shifters (0, 60, 120, 180, 240, and 300 degrees). The
phase shift may be of any of the normal technologies (trans-
mission line, all-pass network or delay line circuits).
Increased resolution is possible by extending the capability of
the phase shifter. In addition, it may be desirable to introduce
aphase shifter between the quadrature hybrid and the antenna
s0 as to improve beam forming. Importantly, phase shifter
205 may optionally be combined with the combiner/divider
into a single physical element (shown as optional element
220).

Itis important to recognize that there are two opportunities
for phase shifting. The phase shifting at the input to the
combiner adjusts the relative amplitude of the power reaching
each antenna, but produces only a 0 or 180 degree phase shift
atthe antennas. One or more phase shifters at the output of the
combiner are used so as to shift phase of one or more com-
biner outputs as needed for the purpose of beam-forming.
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It is obvious that there can be a reduction of beam forming
efficiency when one of the antennas is less efficient (has less
gain) than the other. We can see this from the fact that power
is “wasted” if it is applied to the weaker antenna. It can be
shown that the maximum beam forming efficiency occurs if
the power is distributed to the antennas by the ratio of the
antenna efficiencies. For example, if one antenna has half the
gain (including circuit path losses) as the other, the beam
forming efficiency is maximized if twice the power is applied
to the strong antenna. Often the imbalance is known. Some
UEs are constructed with a smaller secondary antenna
because of space limitations and for receive diversity; the
reduced beam forming efficiency can be compensated by
signal processing. In the case of transmit diversity; the circuit
approach described above can be used to retrieve some of the
lost gain. For antennas that are imbalanced by 6 dB the
improvement is almost 0.5 dB and is 1 dB when the imbalance
is 10 dB.

FIG. 6 depicts a flow chart of the network registration
process. This process may be used for initial registration as
well as for re-registration, which may be needed when the
communication between the UE and base station becomes
interrupted or lost. The process starts at step 800. In a system
with two antennae, A and B, phase is set (power may be set as
well) so as to select antenna A (801), followed by RACH
sequencing (803). The system waits for whether it receives an
acknowledgement from the base station in response. If so,
registration is completed (830). If not, the process repeats for
antenna B. Phase is set (power may be set as well) so as to
select antenna B (811), followed by RACH sequencing (813).
The system waits for whether it receives an acknowledge-
ment from the base station in response. If so, registration is
completed (830). If not, the process repeats for diversity.
Phase is set (power may be set as well) so as to select beam
forming (822), followed by RACH sequencing (823). The
system waits for an acknowledgement from the base stationin
response. If the acknowledgement is received, registration is
considered completed (830). If not, a check is made for the
whether all possible phase shifts have been attempted (827).
That is, the phase shifting device of the present implementa-
tion can choose one of several phases and, in this process, an
untested phase can be tested. If the most recent attempt
involved the last possible phase, the entire process is restarted
and phase is set (power may be set as well) so as to select
antenna A (801) and the process is repeated. If there is another
phaseto test, that is, the most recent test is not the last untested
phase, then the process reverts to step 822 where a new phase
for beam forming is tested.

With reference to FIGS. 6 and 7, in a two antenna system at
start up, assuming the protocol requires one antenna opera-
tion, the system determines the preferred antenna for trans-
mission using a registration sequence (701). This determina-
tion may be based on rated power, most recent performance
results, determination based on direct testing of the antennae,
performance over a period of time, or other parameters or
characteristics.

FIG. 7 depicts a flow chart of the method of the present
invention using the configuration shown in FIG. 3. Following
a registration sequence (701) and network registration (830)
being completed, it is assumed that subsequent transmission
will be using transmit diversity. In step 702, input power for
each antenna is developed as, initially, first set of input powers
to the combiner/divider. Typically, the input power is full
power for one antenna and no power or half power for the
other antenna, although other combinations may also be used.
This initial set of signal power levels may be based on a
variety of factors including those described above. Some of
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these factors include, but are not limited to, ratings of the
antennae and/or power amplifiers, selection of power algo-
rithms, or weightings based on previous transmission power
levels and/or relative phase differences, in combination with
responses from the base station.

In step 703, within the functionality of the combiner/di-
vider, the power of the two signals is combined and redistrib-
uted. In addition, the combiner/divider sets the phase for each
signal to be transmitted by each antenna 703. However, the
signals emitting from the combiner/divider may not have the
requisite relative phase difference for beam forming. One or
more phase shifters, which are in line following the combiner/
divider, are used as needed to shift the phase of one or more of
the signals so as to create a set of signals for beam forming
(704). Each antenna then transmits a signal 705 to the base
station. A test 707 is done to determine if there was a discern-
able signal, was received from the base station in response to
the transmitted signal. If not, it is assumed that the commu-
nication with the base station was lost and registration needs
to be restarted (step 800). If the signal was received, a test is
next done to determine if a transmit diversity response is
received (in step 709). This response may be in different
forms, depending upon whether the implementation is a
closed loop or open loop system. If the signal was not
received, the process restarts with the registration sequence
(800). If the transmit diversity signal is received, the signal is
used as input toward the next signal development in step 750
and the process restarts.

SAR. A critical criterion for mobile design is the Specific
Absorption Rate (SAR). This is the measurement of how
much power a body absorbs when nearby the radiating ele-
ments of the module. FIG. 8 shows a depiction of the physical
relationship between radiating elements for one example. If
we assume for this case the contribution to the SAR is the field
strength from both A and B antennas and the field strength
(electrical or magnetic) varies linearly versus distance, we
can see that at point Y, antenna B would be the primary
contributor to SAR. Typically the contributions from the
antennas are not symmetrical because of shielding differ-
ences and other contributions. In this case we could presume
that the contribution of antenna B to SAR is higher at point Y
(+90 degree directions) than the contribution of antenna A is
at the =90 degree directions, SAR could be improved (re-
duced) by distributing more power to the A antenna than to the
B antenna. Note that this could maintain the same radiated
power assuming both antennas have the same radiating effi-
ciency, but might reduce the beam forming efficiency. The
present implementation provides the opportunity to adjust for
the effects of SAR through use of the combiner/divider and
phase shifter elements.

Multiple input, multiple output (MIMO). MIMO is the use
of multiple antennas at both the transmitter and receiver to
improve communication performance. MIMO offers signifi-
cant increases in data throughput and link range without
additional bandwidth or increased transmit power by spread-
ing the same total transmit power over the antennas to achieve
an array gain to improve spectral efficiency. Consideration is
given in the present implementation for support to MIMO
since devices may be required to selectively choose between
beam forming transmit diversity and MIMO. Preferably the
transition between the two modes of operation be transparent
and not require major changes to the signal path(s). One
possible approach is shown in FIG. 9, in which two orthogo-
nal non-coherent MIMO signals S1 and S2 are transmitted,
originating respectively from signal generators 611 and 621,
within MIMO generator 650, one from each antenna. Refer-
ring back to the previous discussion, we see that if the signals
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are applied to the input ports of hybrid combiner 604 (ports 1
and 4), but one is shifted =90 degrees from its corresponding
component and the other in the pair is shifted +90 degrees,
each will appear in total from separate antennas as desired.
Depending on the linearity of the power amplifiers, some
back-off of output power may be required because the crest
factor of the combined signal handled by the power amplifiers
may be increased. One possible benefit of this approach
results from the fact that one or both of the input signals may
be shifted O or 180 degrees instead of the +/-90 degrees. In
this case, beam forming may be applied to one of the signals
using phase shifter 605 in the arrangement shown in FIG. 9
and as described in the previous sections. If the other com-
ponent is directed fully to one antenna the subsequent phase
shifter modulator will have no effect on its performance.
What may be possible in this implementation is to provide
beam forming and spatial diversity for both components by
providing signal weighting whereby one component is pre-
dominantly radiating from one antenna and the other compo-
nent from the other antenna but enough signals cross coupled
to provide a useful beam-forming diversity on both. In this
situation, spatial diversity between the two signals may be
sufficient because of the difference in radiated antenna phase
centers to maintain the advantages that multipath differences
provide for MIMO. It should be noted that the implementa-
tion of the MIMO generator function as shown in FIG. 8 can
be completely performed in the baseband signal generator or
may be performed by external hardware/software.

NEAR-FAR. Some situations may require a mobile device
to transmit to two base stations simultaneously with different
services such as using acknowledgements for forward data
(downlink) to one base station and uplink data transmission to
another. The approach shown in FIG. 9 could be used to
accommodate such a situation. For example, S1 could be
assigned to the least challenging requirement (e.g., downlink
acknowledgements replies to a nearby base station) and
phased to transmit from one antenna in non-diversity as
described above. The other signal could be directed to both
antennas and beam forming diversity used to direct that signal
to the far-away base station. In some cases the better strategy
might be to steer a null towards the near base station instead
of'a beam towards the far one. Note there is no requirement
the two signals be of equal power so an intelligent baseband
could listen to the power control TDPs from each base station
independently and could adjust the relative power ratios as
required.

The examples described, and hence the scope of the claims
below, may encompass examples in hardware, software, firm-
ware, or a combination thereof. It will also be appreciated that
the processes, in the form of instructions having a sequence,
syntax, and content, of the present disclosure may be stored
on (or equivalently, in) any of a wide variety of tangible
computer-readable media such as magnetic media, optical
media, magneto-optical media, electronic media (e.g., solid
state ROM or RAM), etc., the form of which media not
limiting the scope of the present disclosure.

The thresholds and other attributes of the examples pro-
vided above are not absolutes, but rather merely examples
that illustrate one or more of a variety of possibilities. Accord-
ingly, no limitation in the description of the present disclosure
orits claims can or should be read as absolute. The limitations
of the claims are intended to define the boundaries of the
present disclosure, up to and including those limitations. To
further highlight this, the term “substantially”” may occasion-
ally be used herein in association with a claim limitation
(although consideration for variations and imperfections is
not restricted to only those limitations used with that term).
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While as difficult to precisely define as the limitations of the
present disclosure themselves, we intend that this term be
interpreted as “to a large extent”, “as nearly as practicable”,
“within technical limitations”, and the like.

While examples and variations have been presented in the
foregoing description, it should be understood that a vast
number of variations exist, and these examples are merely
representative, and are not intended to limit the scope, appli-
cability or configuration of the disclosure in any way. Various
of the above-disclosed and other features and functions, or
alternative thereof, may be desirably combined into many
other different systems or applications. Various presently
unforeseen or unanticipated alternatives, modifications varia-
tions, or improvements therein or thereon may be subse-
quently made by those skilled in the art which are also
intended to be encompassed by the claims, below.

Therefore, the foregoing description provides those of
ordinary skill in the art with a convenient guide for imple-
mentation of the disclosure, and contemplates that various
changes in the functions and arrangements of the described
examples may be made without departing from the spirit and
scope of the disclosure defined by the claims thereto.

The invention claimed is:

1. A method for a multi-mode mobile device in a mobile
communication system to transmit signals to a base station,
where said device includes a phase shifter, a power combiner/
divider, and a plurality of antennae with each antenna coupled
to a power amplifier, comprising the steps of:

providing a plurality of signals to said power combiner/

divider for adjusting the power level of each of said
plurality of signals;

delivering one of each of said signals to a different antenna

in said plurality of antennae;

transmitting a single one of said signals in a non-diversity

mode wherein said one of said signals is provided with
full power and other signals of said plurality of signals
are provided with no power, and continuing to transmit
said single one of said signals in the non-diversity mode
after said device receives a discernable indicator that
said single one of said signals was received; and
transmitting said plurality of said signals in a diversity
mode in which said power combiner/divider adjusts the
power level of each of said signals of said plurality of
signals and said phase shifter determines a need to adjust
the relative phase of said signals and adjust the relative
phase when said device receives a subsequent non-dis-
cernable indicator or receives no indicator in response to
said transmission of said single one of said signals.

2. The method of claim 1, further including circuitry to
adjust SAR without reducing total applied power.

3. The method of claim 1, where phase adjustments are
used to reduce SAR.

4. The method of claim 1, where phase adjustments are
used to support MIMO.

5. The method of claim 4, where beam forming diversity is
performed on one component of the MIMO transmission.

6. The method of claim 1, where two base stations are
served in a near-far situation.

7. The method of claim 1, wherein said mobile communi-
cation system employs open loop transmit diversity.

8. The method of claim 1, wherein said mobile communi-
cation system employs closed loop transmit diversity.

9. The method of claim 1, wherein when operating in said
transmit diversity mode, weighting factors are applied to
different signals.

10. The method of claim 1, wherein said power combiner/
divider and phase shifter are combined in a single unit.
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11. The method of claim 1, wherein the power level deliv-
ered to each antenna is one-half of the maximum power level.

12. The method of claim 1, wherein said power combiner/
divider delivers power levels so as to optimize efficiencies of
the transmitted signals.

13. The method of claim 1, wherein said power combiner/
divider is a quadrature hybrid device.

14. The method of claim 1, wherein in said non-diversity
mode, said device determines which antenna to provide full
power to based on performance characteristics of all antennae
in said plurality of antennae.

15. The method of claim 14, wherein said performance
characteristics are determined based upon recent perfor-
mance.

16. The method of claim 1, wherein in said non-diversity
mode, said device selects a lower powered antenna for trans-
mission, and if no response is received from said base station,
said device subsequently selects a higher powered antenna for
transmission if one is available.

17. A multi-mode mobile device for delivering signals to a
base station, comprising:

apower combiner/divider adapted to adjust the power level

of'each signal in a plurality of signals;

aprocessor adapted to determine a need to adjust a relative

phase difference of each of said signals and to deliver
instructions to a phase shifter to adjust phase as needed;
and

a plurality of antennae with each antenna coupled to a

power amplifier, said power amplifier adapted to trans-
mit a single one of said signals in a non-diversity mode
when said power combiner/divider adjusts the power
level of each signal so as to provide full power to said
single one of said signals and no power to other of said
plurality of said signals and continuing to transmit said
single one of said signals in the non-diversity mode after
said device receives a discernable indicator that said
single one of said signals was received, and said power
amplifier adapted to transmit said plurality of said sig-
nals in a transmit diversity mode when said power com-
biner/divider adjusts the power level of each of said
signals so as to provide power to each of said signals
with said phase shifter receiving instruction from said
processor to adjust the relative phase when said device
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receives a subsequent non-discernable indicator or
receives no indicator in response to said transmission of
said single one of said signals.

18. The device of claim 17, further including circuitry to
adjust SAR without reducing total applied power.

19. The device of claim 17, where phase adjustments are
used to reduce SAR.

20. The device of claim 17, where phase adjustments are
used to support MIMO.

21. The device of claim 20, where beam forming diversity
is performed on one component of the MIMO transmission.

22. The device of claim 17, where two base stations are
served in a near-far situation.

23. The device of claim 17, wherein said mobile commu-
nication system employs open loop transmit diversity.

24. The device of claim 17, wherein said mobile commu-
nication system employs closed loop transmit diversity.

25. The device of claim 17, wherein when operating in said
transmit diversity mode, weighting factors are applied to
different signals.

26. The device of claim 17, wherein said power combiner/
divider and phase shifter are combined in a single unit.

27. The device of claim 17, wherein the power level deliv-
ered to each antenna is one-half of the maximum power level.

28. The device of claim 17, wherein said power combiner/
divider delivers power levels so as to optimize efficiencies of
the transmitted signals.

29. The device of claim 17, wherein said power combiner/
divider is a quadrature hybrid device.

30. The device of claim 17, wherein in said non-diversity
mode, said device determines which antenna to provide full
power to based on performance characteristics of all antennae
in said plurality of antennae.

31. The device of claim 30, wherein said performance
characteristics are determined based upon recent perfor-
mance.

32. The device of claim 17, wherein in said non-diversity
mode, said device selects a lower powered antenna for trans-
mission, and if no response is received from said base station,
said device subsequently selects a higher powered antenna for
transmission if one is available.
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